
DESCRIPTION

Image Pickup Device and Method of Manufacturing the Same

Technical Field

[ 0001 ] The present invention relates to an image pickup

5 device, incorporating a CCD reading part, and a method of

manufacturing such an image pickup device.

Background Art

[0002] With a transmission electron microscope, etc . ,

an image pickup device, incorporating a charge reading part

10 (referred to hereinafter as "CCD reading part") that

comprises a charge coupled device, is applied as a means

of observing and recording electron beam images. Since a

CCD readingpart can record images as electronic information,

image pickup devices, incorporating such CCD reading parts,

15 have become widely popular in recent years.

[0003] As an example of such a conventional image pickup

device, the image pickup device described in Japanese Patent

Application Laid-Open No. 2000^324400 is known. As shown

in Fig. 1, this image pickup device is equipped with a

20 scintillator 107, a semiconductor substrate 109, a fiber

optic plate 108 (referred to hereinafter as "FOP") , a CCD

reading part control part 110, a computer 111, etc. The

scintillator 107 emits light when illuminated by an electron

beam. The semiconductor substrate 109 is positioned below

25 scintillator 107 and has a CCD reading part for picking up

a two-dimensional optical image. The FOP 108 is positioned
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between scintillator 107 and semiconductor substrate 109

and is optically coupled to semiconductor substrate 109 in

order to carry an optical image to semiconductor substrate

109. The CCD reading part control part 110 controls a CCD

5 reading part. The computer 111 converts image pickup data,

taken in by the CCD reading part, into an image and displays

the image resulting from conversion.

[0004] In Fig. 1, 101 is an electron gun, 102 is an

irradiation lens system, 1 03 is a sample, 104 and 1 05 indicate

10 an objective lens system, 106 is a fluorescent plate, 112

is an electron beam shielding plate, 115a and 115b are

electron beam shielding means, and 200 is an electron beam

image pickup device, arranged from FOP 108 and semiconductor

substrate 109.

15 Disclosure of the Invention

[0005] As a result of studying the above-described

prior art, the present inventors discovered the following

issues. That is, with the conventional image pickup device

described in Japanese Patent Application Laid-Open No.

20 2000-324400, a light outgoing end surface of FOP 108 is

optically coupled with semiconductor substrate 109 by an

adhesive, etc., which is transparent to the light emitted

by scintillator 107. However, the yield of the process of

joining FOP 108 and semiconductor substrate 109 could not

25 be improved above a certain level.

[00 06] As a result of conducting diligent study towards
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improving this yield further, the inventors found that

electrostatic discharge of the, CCD reading part occurs in

the step of joining FOP 108 and semiconductor substrate 109.

That is, FOP 108, which is an insulating material, becomes

5 charged with static electricity in the process of handling,

and at the instant at which FOP 108 and semiconductor

substrate 109 is joined, an excess current flows from FOP

108 to the CCD reading part, causing the CCD reading part

to undergo electrostatic discharge.

10 [0007] This invention has beenmade to resolve the above

issue, and an object thereof is to provide an image pickup

device, having a structure, with which electrostatic

discharge is unlikely to occur during the joining of an FOP

and a CCD reading part, and a method of manufacturing such

15 an image pickup device.

[ 0008 ] The image pickup device according to the present

invention comprises a semiconductor substrate having a

charge reading part (CCD reading part) constituted by a

charge coupled device that detects incident light, and a

20 fiber optic plate (FOP) having a light outgoing end surface

to be optically coupled to the semiconductor substrate . The

semiconductor substrate has a back surface, serving as a

light-incident surface, and a front surface, opposing the

back surface and being provided with the CCD reading part

25 that detects light propagating from the back surface. The

light outgoing end surface of the FOP is joined to the back
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surface of the semiconductor substrate. Thus, the light

emitted from the FOP is transmitted through the semiconductor

substrate from the back surface and thereafter reaches the

CCD reading part disposed at the front surface.

5 [0009] In the image pickup device according to the

present invention, since the FOP and the CCD reading part

do not contact each other directly as described above, excess

current from the FOP will not flow directly to the CCD reading

part during the joining of the FOP to the semiconductor

10 substrate and electrostatic discharge of the CCD reading

part is thus restrained effectively.

[0010] The light outgoing end surface of the FOP is

joined to a part of the back surface of the semiconductor

substrate that corresponds to a region of the front surface

15 at which the CCD reading part is disposed. In this case,

since the light outgoing end surface of the FOP overlaps

the region at which the CCD reading part is formed while

the semiconductor substrate is sandwiched in between, an

optical image emitted from the FOP can be picked up without

20 omission by the CCD reading part.

[0011] The semiconductor substrate has a structure

such that a recess is formed at a portion of the back surface

corresponding to the region at which the CCD reading part

is disposed and the thickness of the region at which the

25 CCD reading part is disposed is thinner than the remaining

region. By a part of the FOP being fitted in this thin part,

4



I

FP03-0266-00

the back surface of the semiconductor substrate and the light

outgoing end surface of the FOP are joined- By this

arrangement, the thickness of the semiconductor substrate,

through which the light emitted from the FOP is transmitted

5 until it is detected by the CCD reading part, is made thin

and light of shorter wavelength can be detected at high

sensitivity. Also, by forming the thin part, positioning

in the process of joining the FOP to the semiconductor

substrate is facilitated.

10 [0012] To the front surface of the semiconductor

substrate, a protective plate is preferably joined so as

to cover the entirety of the CCD reading part. By this

arrangement, the CCD reading part is protected from

contamination, etc., and the semiconductor substrate is

15 reinforced mechanically.

[0013] The image pickup device according to the present

invention may comprise a semiconductor substrate, a package,

an FOP, a cover, and electrical wirings.

[ 0014 ] The semiconductor substrate has a back surface,

20 serving as a light-incident surface, and a front surface,

opposing the back surface and being provided with a CCD

reading part constituted by a charge coupled device that

detects light arriving from the back surface. This

semiconductor substrate has a structure such that a recess

25 is formed at a portion of the back surface corresponding

to a region at which the CCD reading part is disposed and
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the thickness of the region at which the CCD reading part

is disposed is thinner than the remaining region. The

package has a cavity that houses the semiconductor substrate

and that is fixed with the semiconductor substrate while

5 the front surface of the semiconductor substrate faces a

bottom part of the cavity. The FOP is housed at least in

part in the cavity of the package and a light outgoing end

surface thereof is joined to the back surface of the

semiconductor substrate . The cover covers an upper opening

10 of the cavity of the package . Also, this cover has a guiding

opening for insertion of at least a part of the FOP into

the cavity. The electrical wirings take out charge signals

output from the CCD readingpart to the exterior of thepackage .

In particular, these electrical wirings include at least

15 substrate electrodes, package-side wirings, and

package-side electrodes. The substrate-side electrodes

are disposed on the front surface of the semiconductor

substrate. The package-side wirings are disposed on the

cavity bottom surface and are electrically connected via

20 bumps to the substrate-side electrodes. The package-side

electrodes are disposed on an inner wall of the cavity and

are electrically connected via bonding wires to the

package-side wirings

.

[0015] As described above, in the image pickup device

25 according to the present invention, since the light outgoing

end surface of the FOP and the CCD reading part do not contact
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each other directly and an excess current therefore does

not flow to the CCD reading part in the process of joining

the FOP to the semiconductor substrate, electrostatic

discharge of the CCD readingpart is restrained effectively.

5 [0016] Since a part of the FOP is fitted into the thin

part (recess) formed in the back surface of the semiconductor

substrate, the distance between the light outgoing end

surface of the FOP and the CCD reading part is shortened

and light of shorter wavelength can be detected at high

10 sensitivity. Also, by the forming of the thin part,

positioning in the process of joining the FOP to the

semiconductor substrate is facilitated. In addition, since

the electrical wirings for taking out the charge signals

of the CCD reading part to the exterior can be shortened,

15 the wiring capacity is made small and attenuation of the

signal waveform will not occur.

[0017] Furthermore, the image pickup device according

to the present invention may comprise a semiconductor

substrate, a package, an FOP, and electrical wirings.

2 0 [ 0018 ] The semiconductor substrate has a back surface,

serving as a light-incident surface, and a front surface,

. opposing the back surface and being provided with a CCD

reading part constituted by a charge coupled device that

detects light propagating from the back surface. This

25 semiconductor substrate has a structure such that a recess

is formed at a part of the back surface corresponding to
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a region at which the CCD reading part is disposed and the

thickness of the region at which the CCD reading part is

disposed is thinner than the remaining region. The package

has a cavity which houses the semiconductor substrate, the

5 cavity having one surface whose opening portion is covered

by a bottom cover, and the other surface opposing the one

surface and whose opening portion is attached with a guide

member having a guiding opening. The semiconductor

substrate is fixed to the package such that the CCD reading

10 part and the bottom cover face each other while the

semiconductor substrate is housed. At least a part of the

FOP is housed inside the cavity of the package through the

guiding opening. A light outgoing end surface of this FOP

is joined to the region of the back surface of the

15 semiconductor substrate that is thin in thickness. The

electrical wirings take out charge signals output from the

CCD reading part to the exterior of the package. In

particular, these electrical wirings include at least

substrate-side electrodes and package-side electrodes.

20 The substrate-side electrodes are disposed on the front

surface of the semiconductor substrate. The package-side

electrodes are disposed on an inner wall of the package and

are electrically connected via bonding wires to the

substrate-side electrodes

.

25 [0019] As described above, since a part of the FOP is

fitted into the thin part (recess) formed in the back surface
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of the semiconductor substrate, the distance between the

light outgoing end surface of the FOP and the CCD reading

part is shortened and light of shorter wavelength can be

detected at high sensitivity. Also, by the forming of the

5 thin part in the back surface of the semiconductor substrate,

positioning in the process of joining the FOP to the

semiconductor substrate is facilitated. Also, a guiding

opening is provided in the guide member that is mounted to

the other opening portion of the package, and this guiding

10 opening functions as a reference member in the process of

inserting at least a part of the FOP inside the cavity and

facilitates positioning in the process of joining the FOP

to the semiconductor substrate.

[0020] Since the wiring structure enables the

15 electrical wirings for taking out the charge signals of the

CCD reading part to the exterior of the package to be shortened,

the wiring capacity is made small and attenuation of the

signal waveform will not occur.

[0021] In an image pickup device manufacturing method

20 according to the present invention, a semiconductor

substrate and an FOP are prepared, and a light outgoing end

surface of the FOP is joined to a back surface of the

semiconductor substrate

.

[0022] As described above, the semiconductor

25 substrate has a back surface, serving as a light-incident

surface, and a front surface, opposing the back surface and
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beingprovided with a CCD reading part constitutedby a charge

coupled device that detects light propagating from the back

surface

.

[0023] Thus, in the image pickup device manufacturing

5 method according to the present invention, the CCD reading

part and the light outgoing end surface of the FOP do not

contact each other directly in the step of joining the FOP

and the semiconductor substrate, thereby preventing the

flowing of excess current from the FOP to the CCD reading

10 part. Electrostatic discharge of the CCD reading part is

thus restrained and the manufacturing yield of the image

pickup device is thus improved.

[0024] The respective embodiments of this invention

shall become adequately clear by the detailed description

15 that follows and the attached drawings. These embodiments

are indicated simply as examples and should not be considered

as limiting this invention

.

[ 0025] A further scope of application of this invention

shall become clear from the detailed description that follows .

20 However, though this detailed description and specific

examples illustrate preferredmodes of this invention, these

are simply indicated as examples and it is clear that various

modifications and improvements within the main point and

scope of this invention will be made obvious by this detailed

25 description to those skilled in the art.
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Brief Description of the Drawings

[0026] Fig. 1 is a diagram showing the structure of

a transmission electron microscope that includes a

conventional image pickup device;

5 [0027] Fig. 2 is a diagram showing the cross-sectional

structure of a first embodiment of an image pickup device

according to the present invention;

[0028] Figs. 3A to 3D are process diagrams for

explaining a method of manufacturing the image pickup device

10 according to the first embodiment (part 1);

[0029] Figs. 4A to 4C are process diagrams for

explaining the method of manufacturing the image pickup

device according to the first embodiment (part 2);

[0030] Fig. 5 is a diagram showing the cross-sectional

15 structure of a second embodiment of an image pickup device

according to the present invention;

[0031] Figs. 6A to 6D are process diagrams for

explaining a method of manufacturing the image pickup device

according to the second embodiment (part 1);

20 [0032] Figs. 7A to 7D are process diagrams for

explaining the method of manufacturing the image pickup

device according to the second embodiment (part 2);

[0033] Figs. 8A and 8B are process diagrams for

explaining the method of manufacturing the image pickup

25 device according to the second embodiment (part 3)

;

[0034] Fig. 9 is a diagram showing the cross-sectional
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structure of a third embodiment of an image pickup device

according to the present invention;

[0035] Figs. 10A to 10D are process diagrams for

explaining a method of manufacturing the image pickup device

5 according to the third embodiment (part 1)

;

[0036] Figs. 11A to 11D are process diagrams for

explaining the method of manufacturing the image pickup

device according to the third embodiment (part 2) ; and

[0037] Fig. 12 is a process diagrams for explaining

10 the method of manufacturing the imagepickup device according

to the third embodiment (part 3)

.

Best Modes for Carrying Out the Invention

[0038] Embodiments of an image pickup device and an

image pickup device manufacturing method according to the

15 present invention shall now be described in detail using

Figs. 2, 3A to 4C, 5, 6A to 8B, 9, 11A to 11D and 12. In

the description of the drawings, the same symbols shall be

attached to portions and elements that are the same and

redundant description shall be omitted.

20 (First Embodiment)

[0039] Fig. 2 is a diagram showing the cross-sectional

structure of a first embodiment of an image pickup device

according to the present invention. In image pickup device

1 of this first embodiment, a semiconductor substrate 4>

25 having a CCD reading part 4a, is housed inside a cavity 2h

of a package 2, and the semiconductor substrate 4 is optically
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coupled to an FOP 5.

[0040] The image pickup device 1 comprises a package

2, having the cavity 2h surrounded by a bottom surface part

2a and the side wall parts 2b, a cover 3 covering an opening

5 of package 2, the semiconductor substrate 4 comprised of

silicon, etc. and having CCD reading part 4a formed on a

front surface side, FOP 5 joined to the semiconductor

substrate 4, and electrical wirings 6 for taking out charge

signals output from the CCD reading part 4a to the exterior

10 of the package 2.

[0041] The cover 3 is formed with a guiding opening

3a for insertion of at least a part of the FOP 5 into the

cavity 2h.

[0042] The semiconductor substrate 4 has a thin part

15 4b formed therein by the thinning of a back surface region

corresponding to a front surface region at which the CCD

reading part 4a is disposed. Also, this semiconductor

substrate 4 is fixed via bumps 6a to the bottom surface part

2a such that the CCD reading part 4a and the bottom surface

20 part 2a face each other.

[0043] The FOP 5 is inserted into the cavity 2h from

the guiding opening 3a, and by a portion thereof being fitted

onto the thin part 4b, a light outgoing end surface 5a of

the FOP 5 becomes optically coupled to the thin part 4b.

25 [0044] The electrical wirings 6 include

substrate-side electrodes 6b disposed on the front surface
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of the semiconductor substrate 4, package-side wirings 6e

disposed on the bottom surface part 2a, and package-side

electrodes 6c disposed on steps 2c of the side wall parts

2b.

5 [0045] Here, the substrate-side electrodes 6b and the

package- side wirings 6e are electrically connected via bumps

6a disposed on the substrate-side electrodes 6b by flip-chip

bonding, and the package-side wirings 6e and thepackage-side

electrodes 6c are electrically connected via bonding wires

10 6d (wire bonding)

.

[0046] Here, a guide member 7, which functions as a

reference member in the process of inserting the FOP 5 into

the cavity 2h, is positioned on the cover 3 so as to surround

the guiding opening 3a. The principal parts of this image

15 pickup device 1 correspond to electron image pickup device

200 of the transmission electron microscope shown in Fig.

1, and the light-incident end surface 5b of the FOP 5 is

optically coupled to a scintillator, etc.

[0047] Here, the package 2 and the cover 3 are

20 preferably formed of ceramic or other insulating material

.

Also, the light outgoing end surface 5a of the FOP 5 and

the thin part 4b of the semiconductor substrate 4 are

preferably optically coupled by a room temperature curing

type adhesive (silicone resin) , etc., which is transparent

25 to the emission wavelength of the scintillator. Also, the

thickness of the thin part 4b is preferably approximately

14



FP03-0266-00

IOjluu to 30(im for increasing the sensitivity to light of short

wavelength

.

[0048] The CCD reading part 4a preferably has the same

planar shape as the light outgoing end surface 5a of the

5 FOP 5 such that an optical image having propagated through

the FOP 5 can be detected without omission. The light

outgoing end surface 5a of the FOP 5 has a shape that is

accurately fitted onto the thin part 4b, and at the back

surface of the semiconductor substrate 4, the light outgoing

10 end surface 5a is joined to the portion corresponding to

the region at which the CCD reading part 4a is formed.

[0049] Furthermore, since the guiding opening 3a is

an entrance for inserting a part of the FOP 5 into the cavity

2h, it has a size that is at least equal to or greater than

15 the size of the light outgoing end surface 5a. Also, since

the guide member 7, which is positioned the periphery of

the guiding opening 3a, is amember that defines the direction

of insertion of the part of the FOP 5 into the cavity 2h

and guides the light outgoing end surface 5a of the FOP 5

20 to the thin part 4b, the dimensional precision of the-wall

surfaces thereof is preferably no less than a predetermined

value. For example, the light outgoing end surface 5a of

the FOP 5 has a size of 35 . 7mm x 8 . 7mm and the guiding opening

3a has an opening size of 35.9mm x 8.9mm.

25 [0050] As described above, the image pickup device 1

of this first embodiment has a structure such that the FOP
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5 and the CCD readingpart 4 a do not contact each other directly,

and thus even when excess current flows from the FOP 5 to

the semiconductor substrate 4 in the process of joining the

FOP 5 to the semiconductor substrate 4, electrostatic

5 discharge of the CCD reading part 4a is restrained.

[0051] Also, since the thickness of the thin part 4b,

to which the FOP 5 is joined, is only approximately lOpm

to 30|om, the CCD reading part 4a can detect even light of

short wavelength emitted from the light outgoing end surface

10 5a . By forming the thin part 4b such that the light outgoing

end surface 5a of the FOP 5 can be fitted in a gap-less manner,

positioning in the process of joining the FOP 5 to the

semiconductor substrate 4 is facilitated.

[ 0052 ] Since the guidemember 7 functions as a reference

15 member in the insertion of at least a part of the FOP 5 into

the cavity 2h, the FOP 5 can be inserted accurately onto

the thin part 4b of the semiconductor substrate 4. Also,

since the electrical wirings 6 for taking out charge signals

of the CCD reading part 4a to the exterior are shortened,

20 the electrical wirings 6 are made small in wiring capacity

and the waveforms of signals from the CCD reading part 4a

will not become attenuated.

[0053] The operations in a case where, for example,

the image pickup device 1 of the first embodiment is applied

25 to the picking up of a transmitted electron beam image of

a transmission electron microscope (see Fig. 1) shall now
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be described.

[0054] An electron beam is first made incident on the

scintillator disposed at the light-incident end surface 5b

side of the FOP 5. The light emitted from the scintillator

5 then propagates through the FOP 5 from the light-incident

end surface 5b to the light outgoing end surface 5a.

[0055] The light that is emitted from the light outgoing

end surface 5a of the FOP 5 passes through the thin part

4b from the back surface (surface on which the CCD reading

10 part 4a is not formed) and reaches the CCD reading part 4a,

disposed at the front surface side of the semiconductor

substrate 4 . The light that arrives at the CCD reading part

4a is photoelectrically converted and accumulated as charges

in CCD reading part 4a. The accumulated charges are

15 successively read based on the CCD control signals. The

charge signals read from the CCD reading part 4a are converted

into an image by a computer, etc

.

[0056] A method of manufacturing image pickup device

1 shall now be described using Figs. 3A to 3D and 4A to 4C.

20 [0057] First, in the semiconductor substrate 4 on which

the CCD reading part 4a has been formed (Fig. 3A) , the thin

part 4b is formed at the back surface of the region at which

the CCD reading part 4a has been formed (Fig. 3B) . In

particular, the peripheral region is protected by a

25 photoresist, etc., in a manner such that the portion that

is to become the thin part 4b will be exposed, and by

17



FP03-0266-00

anisotropic etching, etc., the semiconductor substrate 4

is thinned from the back surface until the thickness of the

thin part 4b becomes a predetermined thickness (lOjom to

30(im) .

5 [0058] The bumps 6a, formed of Au, are then formed on

the substrate-side electrodes 6b of the semiconductor

substrate 4 (Fig. 3C) . The semiconductor substrate 4 is

then set inside the ceramic package 2 such that the CCD reading

part 4a and the bottom surface part 2a face each other, and

10 by flip-chip bonding of the bumps 6a and the package-side

wirings 6e, the semiconductor substrate 4 is fixed to the

package 2 (Fig. 3D)

.

[0059] The package-side wirings 6e and the

package-side electrodes 6c disposed on the steps 2c of the

15 side walls 2b, are electrically connected by bonding wires

6d (Fig. 4A) . Thereafter, the cover 3, having a guide member

7 mounted at a predetermined position, is mounted onto the

package 2 (Fig. 4B)

.

[0060] The FOP 5 is inserted along the guide member

20 7 and into the interior of the package 2 through the guiding

opening 3a formed in the cover 3. In this process, the

outgoing end surface 5a of the FOP 5 is optically coupled

to the thin part 4b (Fig. 4C) . Last, the gap between the

FOP 5 and the guiding opening 3a is sealed by a resin, and

25 thereby the image pickup device 1 of the first embodiment

is obtained.
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[0061] As described above, in accordance with the

method of manufacturing image pickup device 1 of the first

embodiment, since in the step (Fig. 4C) of joining the FOP

5 to the semiconductor substrate 4, the light outgoing end

5 surface 5a of the FOP 5 and the CCD reading part 4a do not

contact each other directly, excess current will not flow

from the FOP 5 to the CCD reading part 4a even when the FOP

5 is charged. Electrostatic discharge of the CCD reading

part 4a is thus restrained and the manufacturing yield of

10 the image pickup device 1 is improved.

(Second Embodiment)

[0062] The arrangement of a second embodiment of an

image pickup device according to the present invention shall

now be described using Fig . 5 . Though the image pickup device

15 20 of this second embodiment has substantially the same

structure as the above-described first embodiment, it

differs in that a Peltier element 8 , for cooling a CCD reading

part 4a, is housed inside a cavity 2h of a package 2, a

protective plate 9 is adhered onto a front surface (surface

20 on which the CCD reading part 4a is formed) of a semiconductor

substrate 4, a guide member 12 serves in common as the first

embodiment's cover 3 (Fig. 2), etc. The principal parts

of the image-pickup device 20 according to this second

embodiment also correspond to the electron beam image pickup

25 device 200 shown in Fig. 1 and can be applied to the

transmission electron microscope of Fig. 1, etc.
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[0063] The imagepickup device 20 comprises the package

2, the Peltier element 8, the semiconductor substrate 4,

the protective plate 9, the bumps 6a, an auxiliary substrate

10, a resin 11, and the electrical wirings 6.

5 [0064] The package 2 has the cavity 2h, surrounded by

a bottom surface part 2a and side wall parts 2b. The Peltier

element 8 is fixed to the bottom surface 2a in a state in

which the bottom surface part 2a contacts a heat generating

surface 8b. The semiconductor substrate 4 is positioned

10 such that the front surface, on which the CCD reading part

4 a is formed, faces a cooling surface 8 a of the Peltier element

8 . The protective plate 9 is adhered onto the front surface

of the semiconductor substrate 4 so as to cover the region

at which the CCD reading part 4a is formed. The bumps 6a

15 are disposed at a peripheral part of the front surface. The

auxiliary substrate 10 is a substrate, which is connected

to the bumps 6a and is interposed between the bumps 6a and

the cooling surface 8a, and is adhered to the vicinity of

end part of cooling surface 8a. The resin 11 fills the space

20 between the protective plate 9 and the cooling surface 8a.

The electrical wirings 6 take out charge signals, output

from the CCD reading part 4a, to the exterior of the package

2 .

[0065] Of the back surface of the semiconductor

25 substrate 4, a portion, corresponding to the front surface

region at which the CCD reading part 4a is formed, is thinned
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(thin part 4b) . Also, a part of the FOP 5 is inserted into

the cavity 2h from a guiding opening 12a of the guide member

12 , which is the cover of the package 2 , and the light outgoing

end surface 5a of the FOP 5 is optically coupled to the thin

5 part 4b.

[0066] The charge signals from the CCD reading part

4a are read via the substrate-side electrodes 6b, the bumps

6a, an electrical circuit formed on auxiliary substrate 10,

and the bonding wires 6d, connecting the auxiliary substrate

10 10 to the package-side electrodes 6c, which are disposed

on the steps 2c of the side wall parts 2b. Also, the gap

between the auxiliary substrate 10 and the semiconductor

substrate 4 is filled with a bump protection resin 13.

[0067] Here, the package 2 is preferably formed of

15 ceramic or other insulating material. Also, the light

outgoing end surface 5a of the FOP 5 and the thin part 4b

of the semiconductor substrate 4 are preferably optically

coupled by a room temperature curing type adhesive ( silicone

resin) , etc . , which is transparent to the emission wavelength

20 of the scintillator.

[0068] The thickness of the thin part 4b is preferably

approximately 10\xm to 30[xm for increasing the sensitivity

to light of short wavelength.

[0069] The CCD reading part 4a preferably has the same

25 shape as the light ooutgoing end surface 5a of the FOP 5

such that an optical image having propagated through the
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FOP 5 can be detected without omission. Also, the light

outgoing end surface 5a of the FOP 5 preferably has a shape

that is accurately fitted onto the thin part 4b.

[0070] Since the guiding opening 12a is a member that

5 defines the direction of insertion of the FOP 5 into the

interior of the package 2 and guides the light outgoing end

surface 5a of the FOP 5 to the thin part 4b, the dimensional

precision of the wall surfaces thereof is preferably no less

than a predetermined value.

10 [0071] Also, the auxiliary substrate 10 is not

restricted in particular in terms of material as long as

it can support semiconductor substrate 4 . As the material

of auxiliary substrate 10, a comparatively hard material,

such as silicon, glass, plastic, etc., is suited. Since

15 the auxiliary substrate 10 has a function of transmitting

the charge signals from the CCD reading part 4a to the bonding

wires 6d, suitable electrical wirings are preferably

disposed on a surface of the auxiliary substrate 10.

[0072] As the resin 11, for example, an epoxy resin

20 is preferable for promoting the heat exchange between the

cooling surface 8a of the Peltier element 8 and the CCD reading

part 4a. Also, for protection of the CCD reading part 4a

from contamination, etc., and for mechanical reinforcement

of the semiconductor substrate 4, the protective plate 9

25 is preferably formed, for example, of glass.

[0073] As described above, the image pickup device 20
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of this second embodiment has a structure such that the FOP

5 and the CCD reading part 4 a do not contact each other directly.

Thus, even when excess current flows from the FOP 5 to the

semiconductor substrate 4 in the process of joining the FOP

5 5 to the semiconductor substrate 4, electrostatic discharge

of the CCD reading part 4a is restrained.

[0074] Also, since the thickness of the thin part 4b,

to which the FOP 5 is joined, is only approximately lO^im

to 30|_im, the CCD reading part 4a can detect even light of

10 short wavelength emitted from the light outgoing end surface

5a . By forming the thin part 4a such that the light outgoing

end surface 5a of the FOP 5 can be fitted in a gap-less manner,

positioning in the process of joining the FOP 5 to the

semiconductor substrate 4 is facilitated.

15 [0075] Since the guide member 12 functions as a

reference member in the insertion of at least a part of the

FOP 5 into the cavity 2h, the FOP 5 can be joined accurately

to the thin part 4b of the semiconductor substrate 4 . Also,

since the protective plate 9, formed of glass, etc. , is put

20 in contact with the front surface of the semiconductor

substrate 4, at which the CCD reading part 4a is formed,

the CCD reading part 4a is protected from comtamination,

etc., and the semiconductor substrate is. reinforced

mechanically

.

25 [0076] Furthermore, since the CCD reading part 4a is

cooled by the Peltier element 8, the S/N ratio of the CCD
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reading part 4a is improved. Also, since the electrical

wirings 6 for taking out charge signals of the CCD reading

part 4a to the exterior are shortened, the electrical wirings

6 are made small in wiring capacity and the waveforms of

5 signals from the CCD reading part 4a will not become

attenuated.

[0077] A method of manufacturing the image pickup

device 20 of the second embodiment shall now be described

using Figs. 6A to 6D, 7A to 7D and 8A and 8B.

10 [0078] First, in the semiconductor substrate 4, of

which the CCD reading part 4a has been formed at the front

surface side (Fig. 6A) , the thin part 4b is formed at the

portion of the back surface corresponding to the region at

which the CCD reading part 4a has been formed (Fig. 6B) .

15 The bumps 6a, formed of Au, are then formed on the

substrate-side electrodes 6b of the semiconductor substrate

4 (Fig. 6C) .

[0079] When the bumps 6a have been formed, the

semiconductor substrate 4 and the auxiliary substrate 10

20 are flip-chip bonded (Fig. 6D) . Thereafter, in order to

protect the bumps 6a, the gap between the semiconductor

substrate 4 and the auxiliary substrate 10 is filled with

silicone resin or other bump protection resin 13 (Fig. 7A) .

[0080] On the front surface of the semiconductor

2 5 substrate 4 , at which the CCD reading part 4a has been formed,

the protective plate 9 comprising a thin plate of glass,

24



FP03-0266-00

etc. is adhered, and the space formed by the auxiliary

substrate 10 and the protective plate 9 is filled with resin

11 comprised of an epoxy resin, etc. (Fig. 7B)

.

[ 0 081 ] Furthermore, the auxiliary substrate 10 and the

5 resin 11 are adhered, by means of an epoxy resin containing

an Ag filler, etc., onto the cooling surface 8a of the Peltier

element 8, which has been mounted to the bottom surface part

2a of the package 2 (Fig. 7C) . The semiconductor substrate

4 is thereby housed inside the cavity 2h. The auxiliary

10 substrate 10 and the package-side electrodes 6c, disposed

on the steps 2c of the side wall parts 2b, are then electrically

connected by the bonding wires 6d comprised of Au (Fig. 7D) .

[0082] When the guide member 12, which serves as a

reference member for inserting the FOP 5 into the cavity

15 2h, has been fitted onto the package 2, a room temperature

curing type adhesive, which is comprised of a silicone resin,

etc. and has a property of being transparent to the light

from the scintillator, is coated onto the thin part 4b of

the. semiconductor substrate 4 (Fig. 8A) . Apart of the FOP

20 5 is then inserted into the cavity 2h from the guiding opening

12a of the guide member 12 , and the light outgoing end surface

5a of the FOP 5 is optically coupled to the thin part 4b

(Fig. 8B) . By the gap between the FOP 5 and the guiding

opening 12a then being sealed by a resin, the image pickup

25 device 20 of the second embodiment is obtained.

[0083] As described above, in accordance with the
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method of manufacturing image pickup device 20 according

to the second embodiment, since in the step (Fig. 8B) of

joining the FOP 5 to the semiconductor substrate 4, the light

outgoing end surface 5a of the FOP 5 and the CCD reading

5 part 4a do not contact each other directly, excess current

will not flow from the FOP 5 to the CCD reading part 4a even

when the FOP 5 is charged. Electrostatic discharge of the

CCD reading part 4a is thus restrained and the manufacturing

yield of this image pickup device is improved.

10 (Third Embodiment)

[ 0084 ] The arrangement of a third embodiment of an image

pickup device according to the present invention shall now

be described using Fig. 9.

[0085] The image pickup device 30 according to this

15 third embodiment differs from the first embodiment in the

shape of the package 2. The package 2 of this third

embodiment has openings at two opposing surfaces. In the

following, the opening portion formed on a bottom surface

of the package 2 shall be referred to as "bottom surface

20 opening 2g, " and the opening portion formed on an upper end

surface of the package 2 shall be referred to as "top plate

opening 2f .
" With this third embodiment, the bottom surface

opening 2 g is covered by a bottom cover 2d, and a semiconductor

substrate 4 is connected to this bottom cover 2d. That a

25 protective plate 9 is put in contact with a front surface

of the semiconductor substrate 4, at which a CCD reading
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part 4a is formed, is also a point of difference with respect

to the first embodiment.

[0086] The principal parts of the image-pickup device

30 according to this third embodiment also correspond to

5 the electron beam image pickup device 200 shown in Fig. 1

and can be applied to the transmission electron microscope

of Fig. 1, etc.

[0087] In the image pickup device 30, the package 2

has the openings 2f and 2g at two surfaces that oppose each

10 other. Put in another way, the package 2 is arranged from

a top plate 2e and side wall parts 2b, and the bottom surface

does not have a bottom but has the bottom surface opening

2g formed therein. Also, on the upper end surface of the

package 2, the top plate 2e, having the top plate opening

15 2f formed in a central part thereof, is disposed.

[0088] The bottom surface opening 2g of the package

2 is covered by a bottom cover 2d, and the semiconductor

substrate 4 , on the front surface side of which the CCD reading

part 4a is formed, is housed inside the cavity of the package

20 2 by being fixed to the bottom cover 2d. Also, at least

a part of the FOP 5 is inserted into the interior of the

package 2 from the top plate opening 2f and joined to the

semiconductor substrate 4. The image pickup device 30

further comprises electrical wirings 6 for taking out charge

25 signals output from the CCD reading part 4a to the exterior

of the package 2

.
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[0089] In the semiconductor substrate 4, a portion of

a back surface that corresponds to the front surface region

at which the CCD reading part 4a is formed is thinned (thin

part 4b) . The CCD reading part 4a is fixed to the bottom

5 cover 2d via a protective plate 9 so as to face the bottom

cover 2d, and a spacer 14, having an opening that surrounds

the periphery of the top plate opening 2f, is positioned

between the semiconductor substrate 4 and the top plate 2e.

[0090] A guide member 7, having a guiding opening 7a,

10 is mounted to the top plate opening 2f of the package 2,

and at least a part of the FOP 5 is inserted into the package

2 from this guiding opening 7a and a light outgoing end surface

5a thereof is optically coupled to the thin part 4b.

[0091] The electrical wirings 6 include

15 substrate-side electrodes 6b disposed on the front surface

of the semiconductor substrate 4, and package-side

electrodes 6c disposed on the steps 2c of the side wall parts

2b, and these substrate-side electrodes 6b and package-side

electrodes 6c are electrically connected via bonding wires

20 6d.

[0092] As described above, the image pickup device 30

according to this third embodiment has a structure such that

the FOP 5 and the CCD reading part 4a do not contact each

other directly. Thus, even when excess current flows from

25 the FOP 5 to the semiconductor substrate 4 in the process

of joining the FOP 5 to the semiconductor substrate 4,
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electrostatic discharge of the CCD reading part 4a is

restrained

.

[0093] Also, since the thickness of the thin part 4b,

to which the FOP 5 is joined, is only approximately lOjim

5 to 30|luti, the CCD reading part 4a can detect even light of

short wavelength emitted from the light outgoing end surface

5a . By forming the thin part 4a such that the light outgoing

end surface 5a of the FOP 5 can be fitted in a gap-less manner,

positioning in the process of joining the FOP 5 to the

10 semiconductor substrate 4 is facilitated.

[0094] Since the protective plate 9, comprised of glass,

etc., is put in contact with the front surface of the

semiconductor substrate 4, at which the CCD reading part

4a is formed, the CCD reading part 4a is protected from

15 contamination, etc., and the semiconductor substrate is

reinforced mechanically.

[0095] Also, since the electrical wirings 6 for taking

out charge signals of the CCD reading part 4a to the exterior

are shortened, the electrical wirings 6 are made small in

20 wiring capacity and the waveforms of signals from the CCD

reading part 4a will not become attenuated.

[0096] Since the spacer 14 is positioned between the

back surface of the semiconductor substrate 4 and the top

plate 2e of the package 2, the interval between the two is

25 kept constant.

[0097] A method of manufacturing image pickup device

29



FP03-0266-00

30 according to the third embodiment shall now be described

using Figs. 10A to 10D, 11A to 11D and 12.

[0098] First, in the semiconductor substrate 4, at

which the CCD reading part 4a has been formed at the front

5 surface side (Fig. 10A) , the thin part 4b is formed at the

portion of the back surface corresponding to the front

surface region at which the CCD reading part 4a has been

formed (Fig. 10B) . The ceramic spacer 14, for fixing the

semiconductor substrate 4, is then adhered onto the topplate

10 2e of the package 2 by an epoxy resin containing Ag filler,

etc. (Fig. 10C)

.

[0099] The semiconductor substrate 4 is adhered, with

the CCD reading part 4a faced downwards, onto the spacer

14 by an epoxy resin containing Ag filler, etc. (Fig. 10D) .

15 Thereafter, the protective plate 9, which is a thin plate

of glass, etc., is adhered by an epoxy resin, etc., onto

the front surface of the semiconductor substrate 4 so as

to cover the region at which the CCD reading part 4a has

been formed (Fig. 11A)

.

20 [0100] The substrate-side electrodes 6b, disposed on

the front surface (surface at which the CCD reading part

4a is formed) of the semiconductor substrate 4, and the

package-side electrodes 6c, disposed on the steps 2c of the

side wall parts 2b, are then electrically connected via the

25 bonding wires 6d (Fig. 11B) .

[0101] The bottom cover 2d, comprised of ceramic, is
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adhered onto the package 2 and the protective plate 9 by

means of a room temperature curing type adhesive agent, which

is comprisedof a silicone resin, etc. (Fig. 11C) . Thebottom

cover 2d and the protective plate 9 are thereby put in a

5 state enabling conduction of heat and it becomes possible

to cool the CCD reading part 4a via the bottom cover 2d.

[0102] A room temperature curing type adhesive agent,

which is comprised of a silicone resin, etc. , is coated onto

the thin part 4b, and the guide member 7, which functions

10 as a positioning member in the process of inserting a part

of the FOP 5 into the package 2, is mounted to the opening

2f provided in the top plate 2e (Fig. 11D) . The FOP 5 is

then inserted into the package 2 from the guiding opening

7a of the guide member 7, and the light outgoing end surface

15 5a of the FOP 5 is optically coupled to the thin part 4b

(Fig. 12) . Thereafter, the gap between the FOP 5 and the

guiding opening 7a is sealed by a resin, and the image pickup

device 30 of the third embodiment is thus obtained.

[0103] As described above, in accordance with the

20 method of manufacturing image pickup device 30 according

to the third embodiment , since in the step (Fig. 12) of joining

the FOP 5 to the semiconductor substrate 4 , the light outgoing

end surface 5a of the FOP 5 and the CCD reading part 4a do

not contact each other directly, excess current will not

25 flow from the FOP 5 to the CCD reading part 4a even when

the FOP 5 is charged. Electrostatic discharge of the CCD
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reading part 4a is thus restrained and the manufacturing

yield of this image pickup device is improved.

[0104] From the above description of the present

invention, it is clear that this invention can be modified

5 in various ways. Such modifications cannot be admitted as

falling outside the spirit and scope of this invention, and

modifications that are obvious to all those skilled in the

art are included within the scope of the Claims that follow.

Industrial Appl i cabi 1 i ty

10 [0105] As described above, in accordance with this

invention, the image pickup device, having a structure with

which a CCD reading part is unlikely to undergo electrostatic

discharge in the process of joining an FOP to the CCD reading

part, and a method of manufacturing such an image pickup

15 device are provided. Also, since the thickness of a

semiconductor substrate of a thin part, to which the FOP

is joined, is only approximately lOjam to 30jom, the CCD reading

part can detect even light of short wavelength that is emitted

from a light outgoing end surface . By forming the thin part

20 of the semiconductor substrate so that the light outgoing

end surface of the FOP can be fitted on without looseness,

positioning in the process of joining the FOP to the

semiconductor substrate is facilitated.
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CLAIMS

1. An image pickup device comprising:

a semiconductor substrate having a back surface,

serving as a light-incident surface, and a front surface,

5 opposing the back surface and being provided with a charge

reading part constituted by a charge coupled device that

detects light propagating from the back surface; and

a fiber opticplate having a light outgoing end surface

joined to the back surface of said semiconductor substrate.

10 2. An image pickup device according to claim 1,

wherein the light outgoing end surface of said fiber optic

plate is joined to a part of the back surface of the

semiconductor substrate that corresponds to a region at which

said charge reading part is disposed.

15 3. An image pickup device according to claim 1,

wherein said semiconductor substrate has a structure such

that the thickness of the region at which said charge reading

part is disposed is made thinner than the thickness of the

remaining region, and

20 wherein the light outgoing end surface of said fiber

optic plate is joined to the part of said semiconductor

substrate that is made thin in thickness.

4. An image pickup device according to claim 1,

wherein a protective plate is joined to the front surface

25 of said semiconductor substrate so as to cover said charge

reading part.
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5. An image pickup device comprising:

a semiconductor substrate having a back surface,

serving as a light-incident surface, and a front surface,

opposing the back surface and being provided with a charge

5 reading part constituted by a charge coupled device that

detects light propagating from the back surface, said

semiconductor substrate having a structure such that the

thickness of the region at which said charge reading part

is disposed is made thinner than the thickness of the

10 remaining region;

a package having a cavity that houses said

semiconductor substrate and that is fixed with said

semiconductor substrate while the front surface of said

semiconductor substrate faces a bottom part of said cavity;

15 a fiber optic plate having a light outgoing end surface

joined to the back surface of said semiconductor substrate

while at least a part thereof is housed in said cavity of

said package;

a cover covering an upper opening of said cavity of

20 said package, said cover having a guiding opening for

inserting at least the part of said fiber optic plate into

said cavity; and

electrical wirings for taking out charge signals

output from said charge reading part to the exterior of said

25 package, said electrical wirings including substrate-side

electrodes disposed on the front surface of said
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semiconductor substrate, package-side wirings disposed on

the bottom surface of said cavity and being electrically

connected to said substrate-side electrodes via bumps

disposed on said substrate-side electrodes, and

5 package-side electrodes disposed on an inner wall of said

cavity and being electrically connected to said package- side

wirings by bonding wires.

6. An image pickup device comprising:

a semiconductor substrate having a back surface,

10 serving as a light-incident surface, and a front surface,

opposing the back surface and being provided with a charge

reading part constituted by a charge coupled device that

detects light propagating . from the back surface, said

semiconductor substrate having a structure such that the

15 thickness of the region at which said charge reading part

is disposed is made thinner than the thickness of the

remaining region;

a package having a cavity that houses said

semiconductor substrate and having one surface whose opening

20 portion is covered by a bottom cover, and the other surface

opposing said one surface and whose opening portion is

attached with a guide member having a guiding opening, said

package being fixed with said semiconductor substrate such

that said charge reading part and said bottom cover face

25 each other while said semiconductor substrate is housed;

a fiber optic plate having at least a part housed in
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said cavity of said package via the guiding opening of said

guide member, said fiber optic plate having a light outgoing

end surface thereof being joined to the region of the back

surface of said semiconductor substrate that is thin in

5 thickness; and

electrical wirings for taking out charge signals

output from said charge reading part to the exterior of said

package, said electrical wirings including substrate-side

electrodes disposed on the front surface of said

10 semiconductor substrate, and package-side electrodes

disposed on an inner wall of said package and being

electrically connected to said substrate-side electrodes

by bonding wires.

7 . A method of manufacturing an image pickup device,

15 comprising the steps of:

preparing a semiconductor substrate having a back

surface, serving as a light-incident surface, and a front

surface, opposing the back surface and being provided with

a charge reading part constituted by a charge coupled device

20 that detects light propagating from the back surface;

preparing a fiber optic plate; and

joining a light outgoing end surface of said fiber

optic plate to the back surface of said semiconductor

substrate

.
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ABSTRACT

The present invention relates to an image pickup device,

etc., having a structure such that electrostatic discharge

is unlikely to occur when an FOP and a CCD reading part are

5 joined. This image pickup device comprises a semiconductor

substrate, provided with the CCD reading part on a front

surface that opposes a back surface, which serves as a

light-incident surface, a package having a cavity in which

the semiconductor substrate is fixed, a cover covering an

10 upper opening of the cavity, an FOP joined to the

semiconductor substrate, and electrical wirings . The cover

has a guiding opening for inserting the FOP into the cavity,

and the semiconductor substrate is thinned at a portion

corresponding to a region at which the CCD reading part is

15 disposed. Also, the semiconductor substrate is fixed to

a bottom surface of the cavity such that the CCD reading

part and the bottom surface face each other, and a light

outgoing end surface of the FOP is optically coupled to the

thin part of the semiconductor substrate in the state of

20 being inserted into the cavity from the guiding opening.
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